Abstract: This study attempts to explore the causal relationship between renewable and nonrenewable electricity consumption, output and carbon dioxide (CO 2 ) emissions for 10 Middle emissions while output (real gross domestic product (GDP) per capita) exhibits an inverted Ushaped relationship with CO 2 emissions i.e. environment Kuznets curve (EKC) hypothesis is validated. The short-run dynamics indicate the unidirectional causality running from renewable and non-renewable electricity consumption and output to CO 2 emissions. In the long-run, there appears to be the bidirectional causality between electricity consumption (renewable and non-renewable) and CO 2 emissions. The findings suggest that future reductions in CO 2 emissions might be achieved at the cost of economic growth.
Introduction
Recently, the relationship between carbon dioxide (CO 2 ) emissions, real output 1 and energy consumption is largely studied, especially with combining both the literature of environmental Kuznets curve (EKC) and the existence of energy factor (e.g. Ang [1] ; Apergis and Payne [2] , [3] ; Arouri et al. [4] ; Lean Smyth [5] ). In general, the EKC approach examines CO 2 emissions as a dependent variable in a function that considered economic growth and squared of economic growth as regressors (independent variables). According to this function, the specific hypothesis of the EKC indicates that when economic growth increases, emissions increase as well until a threshold level of economic growth is reached after which CO 2 emissions start to decline. This standard specification of an inverted U-shaped pattern between CO 2 emissions and economic growth is based on the presumption of the unidirectional causality running from economic growth (squared of economic growth) to CO 2 emissions. The presumption of this unidirectional causality has proposed many questions in studies based on the dynamics between economic growth and emissions (e.g. Akbostanci et al. [6] ; Coondoo and Dinda [7] ; Dinda and Coondoo [8] ; Lee and Lee [9] ). Also according to the EKC hypothesis, another issue related to the presence of omitted variable bias is presented. To take into account this omitted variable issue, several studies of Ang [1] , Apergis and Payne [2] , [3] , Richmond and Kaufman [10] , Soytas and Sari [11] and Soytas et al. [12] are based on the term of "quadratic EKC" including the energy factor.
According to our knowledge, now only the two works of Arouri et al. [4] and Farhani et al. [13] have still examined the log quadratic EKC equation for Middle East and North Africa (MENA) countries, but this equation has not been included renewable energy consumption. In addition, there are a few studies that have focused on the causal relationship between CO 2 emissions as a dependent variable, renewable and/or non-renewable energy consumption and output (e.g., Apergis et al. [14] ; Chiu and Chang [15] ; Menyah and Wolde-Rufael [16] ; Silva et al. [17] ) 2 . Thus, the present paper consists to examine the dynamic causal relationship between CO 2 emissions, renewable and non-renewable electricity consumption, and real
Gross domestic product (GDP) per capita for the panel of MENA countries in order to mention the role of renewable energy consumption in carbon emissions reduction.
In addition, in spite of the increase in the number of countries that have established renewable energy development mechanisms for CO 2 emissions reduction, the environmental problems continue to worsen the growth of world economy (Chiu and Chang [15] ). One of the most effective solutions that may turn the economy of the region into a sustainable path is generally based on the optimization between renewable and non-renewable energy consumption.
According to the work of Farhani [18] , the relatively renewable energy can be attributable not only from a single renewable resource, but also from a group of renewable resources known as hydro, wind, biomass, geothermal, solar, etc. To detect the interest of renewable energy use, powerful forces such as climate change, resource depletion and energy security can be presented and also affected the environment (Sadorsky [19] ). Concerning climate change, this factor is recognized as one of the biggest threats and environmental catastrophes related to the rise of temperatures, sea levels, acidification of the world's oceans, etc. (For more details, see
DeCanio [20] ; Stern [21] and Reddy and Assenza [22] ). In another way, climate change may present an impact on business activity via industry specific risks (such as regulatory and physical risks) and company specific risks (such as reputation, litigation and competitive risks) (For more details, see Labatt and White [23] and Sadorsky [24] ). To mitigate these risks, International Energy Agency (IEA [25] ) has indicated that renewable energy may offer 2 For more details, see The remainder of the paper is organized as follows. Section 2 indicates the reason of the choice of MENA region and its recent trends. Section 3 presents literature review. Section 4 provides empirical methods. Section 5 summarizes and discusses the findings of this paper, while Section 6 concludes with policy implications.
MENA region: Choice and recent trends
The MENA region is chosen for several reasons. According to Farhani and Ben Rejeb [27] , this region presents abundant human and natural resources, and also presents a large share of world petroleum production and exports. About two thirds of the world's proven crude-oil Granger cause renewable energy consumption. Thus, Menyah and Wolde-Rufael [16] concluded that nuclear energy consumption might help to reduce CO 2 emissions, but renewable energy consumption did not lead to reach a significant contribution that might help to reduce CO 2 emissions.
In another work, Silva et al. [17] analyzed how an increasing share of Renewable Energy Sources (RES) on electricity generation may affect GDP and CO 2 emissions in a sample of four countries (USA, Denmark, Portugal, and Spain) over the period of 1960-2004. They used the Structural Vector Autoregressive (SVAR) approach in order to show the interactions among variables. This approach is used to predict the impacts of specific policy actions or important changes on the economy. Therefore, they have chosen four countries with rather different levels of economic development, social and economic structures, but with a specific effort of investment in RES. Empirically, the SVAR estimation showed that the increasing share of RES on electricity generation presented economic costs, except for the USA. In addition, there was also an evident decrease of CO 2 emissions only for the USA. This means that, the Danish, Portuguese and Spanish Governments are needed to complement RES support with other policies 6 in order to achieve environmental goals at least cost. As result, Silva et al. [17] concluded that rather different countries have similar goals to invest in the RES on electricity generation share; thus, the economic cost may disappear as these sources become economically competitive and then the RES will be cheaper (Bhutto and Karim [34] ;
Pimentel et al. [35] ).
Methods

Model and data
This paper parallels the empirical approach taken by Ang [1] , Halicioglu [36] , Jalil and
Mahmud [37] , and Jayanthakumaran et al. [38] . .
where it  denotes the fixed country effect, it  denotes the stochastic error term, i = 1,…,N indicates country, and t = 1,…, T refers to the time period. The parameters 1i 
where CO 2 is the total carbon dioxide emissions from the consumption of energy measured in million metric tons; RE and NRE are respectively renewable and non-renewable electricity Table 2 displays the summary of descriptive statistics associated with five variables in natural logarithms for each country.
[Insert Table 2 here]
Panel unit root tests
We propose two kinds of panel unit root tests (Breitung [41] ; Im et al. [42, IPS] ) in order to test the stationary properties of panel data.
Breitung [41] panel unit root test
Breitung [41] considered the following regression equation:
where 
Im et al. ([42], IPS) panel unit root test
The IPS [42] test is based on the conventional ADF test for the following equation:
The IPS [42] statistic, and they are generated by simulations. Z converges to the standard normal distribution.
Panel cointegration tests
Given that each of the variables presents a panel unit root, we need then to check whether there is a long-run relationship between the variables using Pedroni ([43] , [44] ) and Kao [45] panel cointegration tests.
Pedroni, ([43], [44]) panel cointegration tests
Based on the residuals of the Engle and Granger [46] cointegration regression, Pedroni ([43] , [44] ) have studied a number of statistics (see Table 3 ). Assuming a panel of N countries, T observations and m regressors (X m ), the long-run model can be given as follows: Table 3 ).
[Insert Table 3 here]
Under null hypothesis, all seven tests indicate the absence of cointegration ( 0 : 0 ;
whereas the alternative hypothesis is given by 1 :
 is the autoregressive term of the estimated residuals under the alternative hypothesis and it can be given by the following equation:
Pedroni [43] concluded that all seven statistics have a standard asymptotic distribution and are based on the independent movements in Brownian motions when T and N   :
where Z is one of the seven normalized statistics, and  and are tabulated in Pedroni [43] .
Kao [45] panel cointegration test
Kao [45] proposed the following equation:
where , , ,
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This test is based on the residual and variants of Dickey and Fuller [47] test and it is given by:
where  is selected when , , 
where ADF t is the t-statictic of  , and 0u  comes from the covariance matrix
i t i t u v .
FMOLS and DOLS estimates
Although OLS estimators of the cointegrated vectors are super-convergents, their distribution is asymptotically biased and depends on nuisance parameters associated with the presence of serial correlation in the data (Pedroni [48] and Kao and Chiang [49] ). Such existing problems in time series studies also arise for the panel data and tend to be more marked even in the presence of heterogeneity (For more details, see Kao and Chiang [49] 
FMOLS technique
The FMOLS technique is used by Pedroni [48] to solve the problem of endogeneity between regressors. Then he considered the following equation: 
is the long-run covariance for this vector process which can be decomposed into
 is the contemporaneous covariance and i  is a weighted sum of autocovariance.
Thus,the FMOLS estimator can be given by: 
DOLS technique
The DOLS technique was initially suggested by Saikkonen [51] Thus, the DOLS estimator is defined as follows:
1
N T T DOLS i t i t i t i t
where , , , , , ,...,
 is vector of regressors, and ,
Granger causality test
To perform Granger-causality test, a panel vector error correction model (VECM) based on the work of Pesaran et al. [55] is estimated. According to the study of Engle and Granger [46] , two steps are employed to investigate the long-run and short-run dynamic relationships. The first step consists to estimate the long-run parameters in Eq. (1) 
where the term Δ denotes first differences; j  (j = 1,2,3,4) represents the fixed country effect; .
Results and discussion
Panel unit root tests results
The results of Breitung [41] and IPS [42] panel unit root tests of each variable are reported in Table 4 . The null hypothesis examines non-stationary. Our results presented the existence of unit root at level for all series. This means that each variable is integrated of order one, I(1).
[Insert Table 4 here]
Panel cointegration tests results
According to Eq. (2) and Eq. (3), the results of panel cointegration tests are given by Table 5 .
These equations showed the impact of electricity (renewable in Eq. (2) and non-renewable in Eq. (3)) consumption per capita, real GDP per capita and squared real GDP per capita on CO 2 emissions per capita.
[Insert Table 5 here]
As shown in Table 5 [Insert Table 6 here]
FMOLS and DOLS estimates results
Granger causality test results
For both Panel A and panel B, Table 7 summarizes the results of the short-run and long-run Our findings confirm the results of Ang [1] and Apergis and Payne [2] , [3] , which suggest that the degradation of the environment does not have a causal impact on economic growth.
Instead, expansion of economic growth and energy consumption exert a causal impact on CO 2 emissions. One of the most interpretations is given by Farhani et al. [56] , who mentioned that these results call for more attention in terms of environmental protection since environmental pollution may cause a negative externality to the economic energy through affecting human health and thereby reducing productivity. Our findings also indicate that the implementation of energy conservation policies has not inversely affected the long-term economic performance of MENA countries, but may positively affect the level of environmental pollution. Hence, the results imply that the economies of MENA region may be less sensible to energy shocks, which could adversely affect GDP growth. In the short run, the use of more electricity and real GDP is required to pollutant emissions. This problem can be solved by the development of energy conservation strategies.
[Insert Table 7 here]
Conclusions and policy implications
The present paper examines the short-run and long-run causal relationship between CO 2 emissions, renewable and non-renewable electricity consumption and economic growth for [41] and IPS [42] have been used.
These tests result that all the panel variables are integrated of order one. In addition, two different panel coitegration tests of Pedroni ([43] , [44] ) and Kao [45] have also been used.
The results support that all the panel variables are cointegrated. In terms of Granger causality, unidirectional short-run causal relationships are found from electricity (renewable and nonrenewable) consumption to CO 2 emissions per capita as well as from real GDP per capita to CO 2 emissions per capita; in the long-run, there is bidirectional causality between electricity (renewable and non-renewable) consumption per capita and CO 2 emissions per capita.
In terms of estimation, electricity (renewable and non-renewable) consumption per capita has a positive and statistically significant impact on CO 2 emissions per capita, whereas real GDP per capita exhibits a quadratic relationship. The results are supportive of the EKC hypothesis, which at first increase emissions, and then decrease it after a certain average GDP is attained. Hence, beyond a threshold level of real GDP, an increase in real GDP may actually reduce emissions as the demand for environmental quality increases as these economies grow. The finding results indicate that the environmental quality is not found to be good in respect of electricity consumption over time. This means that higher electricity consumption in the panel of MENA countries gives rise to more CO 2 emissions as a result the environment of MENA countries will be more polluted. This supports the results of Hossain [39] .
In other words, the long-run as well as short-run energy consumption has significant positive impact on carbon dioxide emissions. This implies that due to expansion of the production of real GDP for rapid economic development, the MENA countries are consuming more electricity, which put pressure on the environment leading to more emissions; thus, it is very essential to apply some programs of pollution control actions to the whole panel in respect of electricity consumption. In another way, this implies that the absence of energy conservation policies in MENA countries, which is due to the level of economic development, these countries consume more electricity and then result a more polluted environment.
From these findings, we conclude that research and investment in clean energy should be an integral part of the process of controlling CO 2 emissions, as well as non-renewable energy contribute to mitigate emissions more than renewable energy because the economic cost of renewable energy sources seems to be expensive and economically competitive in the MENA region. According to other works, we can also mention that pollution can be reduced if governments: i) take into account globalization (Leitão [57] ), and ii) improve the industrial sector by importing cleaner technology to attain maximum gain from international trade (Farhani et al. [56] [41] and IPS [42] examines non-stationary. * denotes statistical significance at the 1% level (Probabilities are presented in parentheses). Lag selection (Automatic) is based on Schwarz Information Criteria (SIC).
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